has done at least as much as that of any other country to provide vehicles that steer, handle and brake properly. It is worth considering some of the factors which, all other things being equal, make a car less likely to have accidents.
Steering and handling: The steering and handling characteristics of nearly all modern cars are such that the driver seldom loses directional control of the vehicle. In the past, if one went round a corner too fast, then either the front or the rear of the car was apt to slide and only a skilful driver could regain directional control. Nowadays most cars have stable steering characteristics and if the car is cornered at speeds above the limit of adhesion between the tyres and the road it will normally slide sideways but remain pointing in roughly the desired direction.
Brakes have improved enormously over the past few years, both in terms of pedal effort and resistance to fade. More cars are being fitted with disc brakes, and various innovations to avoid the locking of wheels are actively under development.
One should also not forget that the reduction in weight made possible by new methods of construction is a major contribution towards improved braking.
Acceleration of all types of car has improved and, once again, all things being equal, this must increase the safety factor both in terms of the reduction in frustration, and the ability to 'accelerate out of trouble'.
Lighting: All types of vehicle lighting have improved and the standard of illumination and lack of dazzle provided by modem headlamps, properly adjusted, is of a very high order.
Tyres: The improvement in the construction and materials used for tyres has been most marked over recent years, although this has largely been taken for granted by the public. I would suggest that most average drivers vary their speed and general road behaviour very little as between wet and dry roads. Not so many years ago driving in the wet not only involved severe limitations, but there remained a very real danger of skidding.
Secondary Safety
These improvements in the design of cars assist in the prevention of accidents, all other things being equal. Unfortunately, all other things are not equal and it is undoubtedly true that the public tend to 'take up the slack'. Thus, if you make cars which will go round corners fast, then they will drive round corners fast, and there is no gain in the safety factor. There may even, in fact, be some loss, since the driver's reaction time remains the same. A car designer might well claim that he does not design his cars for people to have accidents in them, and it is undoubtedly true that nothing the car designer can do will eliminate accidents or injury. Road users could make a far greater contribution. There is also a theory that as you make cars stronger and less likely to cause injury in an accident, and if you provide safety harnesses, you will inspire excessive confidence in drivers. It is arguable that if they were surrounded by sharp edges in a very weak structure, this might well persuade many drivers to be a great deal more careful.
The car industry has recently, however, seriously turned its attention to the avoidance of injury in the event of an accident. One of the first problems encountered here is the direct conflict between building cars which take up the minimum space on the road for a given number of passengers, and safety. Obviously, if a vehicle was constructed the size of a bus and a single occupant was placed in the exact geometric centre of it, we should have the perfect example of the 'I'm all right, Jack' philosophy. As we go to the other extreme and endeavour to fit several people into the smallest possible road vehicle, we are automatically giving ourselves a problem, should this vehicle be involved in an accident.
It is possible to design a structure of extreme rigidity and very low weight which may be ideal from the point of view of the behaviour of the car in normal service. Such a structure might be likened to an egg-shell, giving the maximum interior dimensions for the minimum exterior size and the minimum weight. Unfortunately, the rigidity of such a structure depends almost entirely on the shape of its skin, and once the latter is deformed little strength is retained. In order to prevent collapse after some initial deformation of the structure it is necessary to increase its depth and consequently its weight, and the overall size of the vehicle, for any given internal dimensions. The foregoing means that some sacrifice must be made in terms of weight, cost and passenger accommodation in order to provide increased safety.
There are, of course, a great many other factors to be taken into consideration, and it is certainly true that the very compact car may well be easier to control, have better visibility, and therefore be less likely to have an accident than a vehicle with thick pillars and doors, plus a large degree of front and rear overhang. Nevertheless, we must face the fact that this problem of resisting deformation of the passenger compartment is affected by the relationship between the interior and exterior dimensions of the vehicle. How far do we go in providing collapsible materials outside the passenger compartment in order to reduce the rate of deceleration of the occupants in an accident, and also to reduce the possibility of deformation of the passenger compartment?
What happens inside the passenger compartment at the time of an accident? Assuming that the passenger compartment does not deform, and they are not thrown out, what kills or injures the occupants? The problem is that in any sort of a serious accident, the vehicle is likely to be subject to violent deceleration. When this happens, the occupants first continue at the speed at which the vehicle was travelling before impact and then come into contact with some portion of the interior which has been decelerating and is now either stationary, or at least travelling very much more slowly. If the occupants strike something hard and solid, or worse still, something sharp, then everything is against survival. Although the vehicle does not stop instantaneously, the occupants receive no advantage from this fact because they are allowed to proceed at the speed of the vehicle until they strike, for instance, the dash-board, by which time the vehicle is probably stationary. They are thus stopped from, say, 40 mph, in an inch or two.
What can be done to improve this situation? The first and foremost is the provision and use of safety harness. Road Research Laboratory figures indicate that the universal wearing of safety harness would reduce death and serious injury of car occupants by at least 50%. Already legislation is in hand to make the fitting of harness in all cars compulsory. Why not make the wearing of harness compulsory? One hears objections on the grounds that it interferes with individual libertyso do most laws. One hears of accidents where people were saved by being thrown clear and might have been killed had they been wearing harnessbut this is hardly a case for ejector seats (without parachutes!).-In fact, I believe that insurance companies will, in due course, make it so expensive not to wear a harness that this will force the issue. I hope so.
Given the use of safety harness, one may turn to means of reducing the deceleration of the passenger compartment, since above certain decelerations internal organs of the body can be torn adrift, even though there may be no serious external bodily damage. We have carried out a number of controlled crash tests using slowmotion cameras, and the results are extremely illuminating, and demonstrate the danger of making assumptions. One of these tests was carried out on a Land-Rover, a vehicle with an enormously strong chassis frame. In spite of this, however, the larger part of the collapse of the front of the vehicle (driven into a concrete block at 30 'mph) took place before any significant deceleration of the passenger compartment occurred. Thus, most of the deceleration took place over the last few inches of collapse of the front structure. Now clearly, even with safety harness, the occupants can get no benefit from the reduction in deceleration resulting from the crumpling of the front structure, unless they are being restrained by the harness during the crumpling process. And they will not be restrained by the harness until some significant deceleration has commenced. Therefore, in this type of accident, a very 'soft' front end may be a positive disadvantage, although in the more frequent and less severe type of accident it may serve a useful purpose.
A considerable amount of research is required to enable the best total system, combining passenger compartment, seat and end and side structure, to secure the best compromise. To carry out this research much more data are needed about the frequency, severity and type of accidents which occur.
After the use of safety harness, the most important consideration is the proper design of car interiors because, for a time at least, many people will not wear harness and there are groups (e.g. small children) who cannot always be confined in any known restraint system. Although we would certainly not claim that the latest product of our company, the Rover 2000, is the last word in respect of a safe interior, a lot of thought went into it in the design stages and it serves to illustrate what can be done. Our chief stylist, David Bache, produced an initial design for the interior of the car which was biased heavily in the directions of simplicity, safety and function. In particular, the facia design was unconventional in so far as it lifted the parcel tray up and placed beneath it large padded deformable hoppers.
We had much heart-searching about this design, partly because of its departure from convention, and partly because, although it gave excellent parcel tray and locker accommodation with obvious safety advantages, it also gave the driver and front passenger an impression of being 'packaged in'. I am glad to say that it has been readily accepted by the public. Once having accepted this layout it became a natural function to examine every part of the design in relation to safety, and care was taken with padded visors and fixings, a framed interior mirror, steering wheel design, face-level ventilation, switch knobs, instrumentation and warning lights, adjustable steering column height, hand dipswitch, &c.
The other major innovation was perhaps the seats, which were designed to have infinitely variable rake, the back-rests being fixed in the desired position by means of friction clamps. This not only made for ease of control but also meant that in the event of a severe impact from the rear, the back-rest would 'give' and reduce the likelihood of neck injury. Experience of this type of accident has already indicated that this arrangement has proved of some benefit. However, there may be a conflict here with the need for seats with built-in harness. By this I mean that, in order to carry seat harness loads, it may be necessary to have a fixed angle between the seat cushion and squab, or possibly very limited adjustment which would not necessarily provide the benefit described above.
Rear-end accidents are becoming more common and Gissane (1966) reports that most rearend accidents result in varying degrees of hyperextension of the neck. In this type of accident the only really effective protection is a headrest, firmly attached to the seat back and capable of withstanding loads of 200 lb without deformation. In frontal impacts, neck injuries are mostly caused by the head or face striking some object. This danger is minimized by the use of safety harness.
Other Causes ofInjury Deformation of the passenger compartment: This must be a matter of compromise and, as I have already said, it is generally true that the more resistance to deformation you design inparticularly resistance to collapse after some initial deformationthe larger the vehicle becomes in relation to the accommodation it provides.
In front and rear end accidents, there are some 'tricks' one can play in absorbing energy by the collapse of the ends and thus reducing the loads on the passenger compartment. Injury due to the mechanical components penetrating into the passenger compartment: This is fairly rare. Obviously it is not a good thing to have a solid steering column which extends to the front of the car. In fact, however, infinitely more people are injured through being thrown against the column than by being 'speared' by it.
Occupants being thrown out and striking hard objects (road, kerb, roadside furniture, &c.): The answer here is again safety harness, plus design to minimize the possibility of the doors flying open in an accident.
Legislation
In this country, we have Construction and Use regulations which cover, in the main, such things as lighting and brakes. This is, in my opinion, essential.
However, when one comes into the realm of safety, I believe that legislation can help provided two factors receive top priority:
(1) Legislation should wherever possible be international. The present situation whereby every country, and in some cases every subdivision within a country, has its own book of rules, leads to diversification of effort and high costs. Conversely, an international set of rules governing the construction and use of vehicles would help and encourage the world's vehicle manufacturers to act faster and more effectively.
(2) Legislation should define the performance to be obtained and leave the designer and manufacturer a free hand as to how he achieves this performance. Any attempt to define the detail design is stultifying and discourages competition to see who can achieve the results at minimum cost, &c.
Many of the United States Federal Safety
Regulations shortly to be enforced are entirely sensible and will undoubtedly save lives and reduce injuries. The following comments are relevant:
Anti-burst door locks: I think we can all agree that, provided the interior of the car is well designed, and the passenger compartment does not collapse, car occupants are less likely to receive serious injury if the car doors remain closed in an accident. Anti-burst door locks are designed to prevent disengagement of the lock and latch under conditions of deformation and separation between the door and its neighbouring pillar. However, whether a door remains closed or not will depend not only on this factor, but on the strength of hinges, the degree of deformation of the main structure, &c.
Dual brakes: As a personal opinion, I have some reservations about this development. Very few accidents are caused by the loss of brake fluid from single systems. The introduction of dual brakes in their simplest form has, in my opinion, the following disadvantages:
(1) It increases the number of hydraulic seals in the system. This must increase the likelihood of partial failure.
(2) In the event of failure of one or other of the two systems the driver, whilst retaining some stopping power, is very likely, in my opinion, to loge control of the vehicle. The sudden and unexpected decrease in braking efficiency will normally cause a driver to 'freeze' on to his brake pedal and the result of this on a conventional dual system is that two out of the four wheels will lock. Under this condition, the average car becomes unsteerable, and may thus have a more serious accident involving more people than if directional control had been retained and braking limited to the possible use of the hand brake. It can be argued that brake failure is unlikely to happen during an emergency. My answer to this is that brake failure is very unlikely to happen at all, but is more likely to become apparent during an emergency braking operation than in normal use. I believe that effort and cost could be very much better spent on the provision of an effective, safe and commercially viable anti-lock device. I submit that the number of accidents caused by skids arising from locked wheels is vastly greater than those resulting from hydraulic brake failure. Two separate systems each operating on all four wheels, is, of course, expensive, but will I believe be adopted in due course.
General: The requirements for forward compartment energy absorption and padding present considerable problems on smaller cars and may create great difficulties for the designer. The wearing of a diagonal harness largely obviates the need for this change in vehicle design, and clearly anything which makes safety harness more acceptable to the public is very worth while. Car Seats and Back-ache One of the commonest complaints of patients suffering from lower lumbar intervertebral joint syndromes is of back-ache when sitting in or getting in and out of a motor car. In fact this feature of the disorder is so prevalent that almost every patient complains of discomfort in some degree Qr the other. The problem occurs so frequently in the 'mini' group of cars that those patients whose back-ache originates as a result of driving this type of car, are now given the diagnosis of 'mini-back' by the staff of my 'Back-ache' clinic.
An extensive investigation into the causes and relief of back-ache due to car seats was therefore started in 1965 and already certain conclusions have been reached. The first conclusion reached was that there is probably no single car seat that is satisfactory for individuals of all shapes and sizes. The extent of the problem was assessed initially by obtaining the basic measurements of the human body in the sitting position. Several hundred people ranging in height from 5 ft to 6 ft 3 in
